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CHAPTER  I 


Introduction 


A.  ABSTRACT, 

Rearrangement  experlmante  have  deroonatrated  that  aubjecte  readily 
compensate  for  dlsplacementa  of  the  visual  field  which  are  constant 
through  time.  Pseudophono  oxpeHmonta  liave  shown  similar  compensation 
in  audition,  after  rotation  of  tho  aural  axle.  Constantly  changing  dla** 
piacomont  of  uho  vluual  fiolcl,  howGvcr,  caused  of  trfonfljo. 

motoj’  coordination.  In  each  of  those  roarrangomont  and  disarrangement 
experlmonto ,  specific  types  of  body  movomento  during  the  expoeur®  period 
wore  nocescary,  if  componeatlon  or  dlnorientatlon,  respectively,  v70ro  to 
occur . 

Ihridwy  present  exparlmoiit  sTJ.bjQctB  were  exposed,  under  three  condi¬ 
tions  of  motility,  to  a  constantly  changing  auditory  field  produced  by  two 
separate  nol3Q«-eenerating  systoma,  each  feeding  the  oouind  Into  one  ear. 
After  tv7o  hov’.rs  of  continuous  exposure,  elovon  out  of  twelve  ambulatory 
sabjecta  showed  Increased  variability  In  an  auditory  localisation  task,  the 
discrimination  of  diohotlc  time  dlffarencoar.  Performance  after  two  hours 
vuider  the  same  conditions  of  exposur©  deteriorated  for  only  five  out  of 
twelve  subject  a  when  body  iTiovernente  wore  restrictod,.  Wlien  the  siibjaets 

v7aTe  wheeled  In  a  whoelcliaSr,  sitting  quietly  excapt  for  frequent  head 


3. 


rotations,  nine  out  of  twelve  subjects  showed  increasod  variability. 

That  is,  self-^producod  motion  of  at  least  the  head,  while  listening  to 
dichotic  noise  which  masked  background  sovmde,  was  necessary  to  disrupt 
accurate  auditory  localization. 


B,  REACONG  FOR  THE  EXPERIMENT 


In  the  last  decade,  experimental  paychologista  Ixavo  come  to  realize 
that  sensory  stimulation  and  motor  activity  should  be  regarded  as  part 
of  the  same  set  of  saneory-motor  functions,  rather  than  being  regarded 
as  separate  phenomena,  von  Kclst  (13)  pointed  ovit  that  the  old  modal 
of  sensory  stimulation  triggering  the  central  nervous  system  to  initiate 
a  particular  response  lias  become  outmoded..  An  importcnt  piece  ef 
evidence  lor  this  aeaortlon  is  that  electrical  activity  pars' sts  in  deaf fer- 
ented  parts  of  the  nervous  systom.  Sensory  activity,  thorefora,  does 
not  always  initiate  motor  activity.  The  next  problem  for  the  psycholo- 
gist  is  to  find  out  what  effects  motor  Impulses,  wliich  initiate  muscle 
movement,  have  on  the  cense  receptor®.  As  von  Holst  has  said,  this 
approach  studies  the  effects  of  the  control  nervous  system  on  the  per¬ 
iphery  rather  than  the  affects  of  th®  periphery  on  the  centra!  nervous 
system , 

von  Holst’s  model  for  effects  of  motor  activity  on  sensory  activity 
depends  upon  concept  of  "i*©-aff®rencc'' ,  or  sensory  feedbacki  Tho 

organian.'^e  motor  activity  causes  some  chang©  la  th©  organism’s  relation 
to  its  environment,  and  sonsory  information  about  this  change  (that  is, 

re-affereat  stimulation)  is  fed  back  to  the  organism.  Sumrnatloa,  with 


regard  to  tho  sign  2uid  magnitude  of  the  signals,  of  tho  efferent  and 
the  re~a^ Verent  signals  determines  perception. 

One  of  the  reasons  for  the  present  e:£perlment  is  our  desire  to 
suppo'.'t  general  fe0dback*»loop  theory.  Since  von  Kolst’a  formulation 
ge/.erates  specific  hypothoeas  about  the  subject's  behavior  in  defined  con> 
'iitions,  the  build-up  of  a  sot  of  oonfirming  experiments  is  facilitated. 
Beyond  that  general  aim,  though,  this  experiment  should  provide  evidence 
confirming  Held's  theoretical  position  (8),  which  is  a  development  of  von 
Holst's.  Held  has  added  a  storage  element  to  the  Holsttan  model  In 
order  to  use  the  roafferenco  principle  in  accounting  for  relatively  long¬ 
term  adaptations  tc  a  displaced  viaiial  field;  he  has  applied  a  feedback- 
loop  explanation  to  changes  In  spatial  coordination.  In  doing  so,  ho  is 
coatktulng  another  line  of  Investigation,  bosidas  that  of  vou  Holst,  for 
his  concern  with  the  rearrangement  and  dloarrangament  of  spatial  orient¬ 
ation  makes  it  possible  to  relate  liis  work  to  tho  sensory  deprivation 
experiments  v<fhich  produce  general  visual  disorientation. 

Ono  ISmitatlon  of  tli®  evidonco  which  Held  has  collected  on  tho  problem 
of  re-afferenca  in  spatial  coordination  is  that  he  has  worked  only  in  vision. 
Tho  present  axperimont  finds  QignificancQ  in  (a)  continuing  Hold's  work 
in  testing  tho  Holstlan  model  j  (b)  tracking  down  tho  factors  crucial  for 
maiatcinance  of  spatial  oiHcmtation ;  and,  most  important  (c)  providing 
confirmation  of  Hold's  reo’oita  In  «  different  modality-,  audition. 
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CHAPTER  II 


Hlatoary  of  tho  Problom 

A,  REARRANGEMENT  AND  DISARRANGEMENT  EXPERIMENTS. 

1.  Compenaation  for  a  constant  dlsplaeamont  of  th»  vtaual  field. 

In  1897  Stratton  (19)  performed  the  claselc  rearrangement  experi¬ 
ment »  studying  vision  under  oondltlona  where  the  retinal  image  was  not  In¬ 
verted.  He  found  that  subjeoto  readily  adapted  to  such  a  displacement. 
Kohler  and  Erlsmann  (I3,  4)  have  dona  similar  experiments  In  which  "up" 
became  "down"  and  "down"  became  "up",  finding  that  subjects  regained 
visual-motor  coordination  to  the  point  whore  they  could  ride  a  motorcycle 
In  traffic  or  climb  moimtalna  with  their  visual  field  thus  inverted. 

Mors  recently  Held  and  Boasom  (9)  had  subjects  walk  in  a  normal 
environment  wearing  pzdsms  which  cUapleced  the  visual  field  12  visvial  degrees 
to  the  left  or  right.  Sixty-minute  exposures  produced  significant  shifts 
hi  an  egocentric  localisation  task  in  which  the  subject  had  to  swivel  in  a 
clialr  and  "lino  himself  up"  with  a  target.  If  the  prisms  displaced  the 
visual  field  to  the  loft,  then  the  subject  tended  to  center  himself  to  the 
right  of  target,  and  vice  versa.  In  the  agocontric  localization  tost;  ho 
v/as  compensating  for  tlie  alteration  of  liis  visual  field  caused  by  the  prisms. 

Held  and  Flein  (10)  trained  subjects  5n  a  task  In  which  the  subject 
had  to  mai’k  targets  with  a  pencil.  The  apparatus  was  so 
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arranged  that  the  subject  made  his  marks  directly  beiow  reflected 
images  of  the  targets.  He  could  not  see  his  Ixand,  and  could  not,  there¬ 
fore,  recognlise  and  correct  errors.  The  arrangerr-ent  thus  eliminated 
trial  and  error  as  a  detei'mlner  of  performance.  The  Investigators  found, 
that  If  the  subject  wore  prisms  vjhloh  displaced  the  visual  field  a  fixed 
amount,  his  post-exposuro  target-marking  shifted  aigniftcantly  in  the 
direction  opposite  to  the  prismatic  displace meut .  In  another  ©xporiment 
Held  and  Hein  (11)  demonatratod  that  v;ith  suitably  long  exposure  periods 
the  compensating  shift  precisely  balanced  the  prismatic  displacement. 

2 .  Compensation  for  constant  dlsplacernaut  the  auditory  field . 

Held  produced  changCB  in  eubjects'  binaural  direction  findlrig  by  the 
use  of  pseudophones  during  the  training  period  (7).  At  the  beginning  of 
training  in  courid  iocallsation  subjects  tended  to  v;alk  t5  degrees  to  the 
left  of  a  sound  source  if  the  left  microphone  of  a  psaudophone  led  the 
right  one  by  u5  degrees.  l!f  the  right  inlcrophone  led,  Chen  the  subject 
tended,  at  firEC,  to  walk  45  degreerj  to  Cho  right  of  the  soimd  source, 
y'.ftor  training,  hoxtover,  13  of  the  !■-  ciibjocts  had  changed  their  localis- 
atlons  In  the  direccion  which  cemneneate.d  for  the-  error  In-ducod  by  the 
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back  and  forth  during  exposm^e  periods  ranging  from  8  to  CU  minutes. 

Under  these  conditions  {and  with  a  30  minute  exposure  period)  subjects 
showed  a  34^  increase  in  the  standard  deviation  of  their  target-marking 
along  a  left-right  axis.  Increased  variability  ("disarrangement")  is  taken 
here  to  represent  decreased  accuracy  of  hand-eye  coordination. 

1 

The  present  experiment.  { 

The  experiments  described  thus  far  demonstrated  psrceptual-niotor 
rearrangement  due  to  fixed  displacements  of  the  (a)  visual  and  (b)  auditors 
fields  and  disarrangement  due  to  constantly  changing  displacement  of  the 
visual  field.  The  present  experiment  completes  the  "set"  by  presenting  a 
constantly  changing  auditory  field  to  the  subject  ^y,;.  poi'iod. 

The  details  of  the  procedure  are  set  forth  In  Chapter  III, 

i 

B,  THEORY. 

The  rasulte  of  the  rearrangement  and  disarrangement  experiments 
cited  above  depended  upon  what  the  subject  did  during  the  exposure  period. 
Motion  initiated  by  tho  subject  wao  found  to  be  crucial  in  the  production 
of  a  directional  shift  or  of  increased  variability  in  tho  post-exposure  test, 
Boeaom  and  Held  found  that  if  tho  subject  was  whseled  in  a  wheelchair 
("passive  movement")  instead  of  walking  through  his  environment  ("self- 
produced  movement" )  there  wa.o  no  significant  change  in  egocentric  locai- 
isation.  EimllGrly,  Hold  and  Mein  (10)  found  that,  if  the  subject’s  hand 
was  moved  passively  through  the  visual  field,  the  significant  shift  of 
direction  on  the  hand-eye  coordination  tent,  which  resulted  after  self- 


produced  movumant,  did  .not  occur.  In  Cohen  and  Held’s 
the  subject's  hand  was  nvoved  paosh-cly.  ro  .eignificant  cha 
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present  motor  act  is  being  compared  with  the  sensory  concomitants  of 
all  identical  motor  acts  previously  performed.  According  to  Held^  the 
result  of  such  a  comparison  determines  subsequent  perceptual-motor 
performance. 

There  az^  two  ways  to  prevent  the  pairing  of  signals,  efferent  and 
re-afferent,  and  comparison  with  previovis  pairs  in  the  storage.  Cne  way 
is  tc>  induce  motion  in  euch  a  way  that  minimum  efference  will  oocixr.  This 
is  the  case  In  the  "passive  movement"  conditions  described  above.  The  sub¬ 
ject  is  moving,  but  Is  not  moving  himself;  no  motor  activity  on  his  part  Is 
requited.  The  other  way  to  Interfere  with  the  efferent-reafferent  pair¬ 
ing  is  to  obstruct  the  feedback  loop  which  allows  the  re-afferent  signal 
CO  reecft  the  central  narvoua  system.  This  was  dons  when  the  subject 
v/as  not  allowed  to  see  the  results  of  his  self -induced  movement.  When 
the  signal  pairs  are  not  available  for  comparison  there  is  no  basis  for 
adaptation  to  a  displacement  of  the  visual  field,  for  there  Is  no  way  to 
recognise  consistent  differences  betwe't>n  the  present  and  past  experience* 

In  conditions  where  the  subject  is  either  moved  passively  or  is  not  allowed 
to  see  the  results  of  his  movement,  then,  no  shifts  in  egocentric  localisa¬ 
tion  or  hand-eye  coordination  are  expected. 

Another  way  to  dietxirb  the  adaptation  process  is  to  make  the 
efferent-reafferent  relationships  ambiguous.  The  short  exposure  times 
nocossary  to  causo  adaptation  In  Keld’s  rearrangement  experiments  suggest 
that  recently  stored  pairs  of  signals  are  selected  first  for  comparison  or 
are  more  heavily  weighted.  If,  for  a  given  type  of  efferent  signal,  there 
have  recently  been  stored  many  dlfferant  types  of  re-afferent  signals. 
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during  thtt  p08^«'9Xp08urc  testing  when  an  identical  efferent  signal 
(with  its  paired  re-affei*«nt)  is  monitored,  a  number  of  different  re- 
afferent  signals  may,  with  eqiud  HkaBhood,  be  brought  from  storage.  The 
ambiguity  insulting  in  the  comparison  will  be  reflected  in  more  variable 
p0pfo2>mance  on  the  post— exposure  coordination  test.  Such  a  condition. 

Held  says,  exists  when  the  subject  is  moving  his  hand  and  watching  It 
through  the  variable  prisms.  Although  the  prisms  are  displacing  the  visual 
field  back  Jtnri  forth  in  a  systematio  manner,  there  is  no  systematic  way 
in  which  a  given  type  of  hand  movement  is  related  to  the  concomitant 
visual  re— afferent  stimulation.  In  the  language  of  the  model,  there  will 
be  many  different  types  of  re— afferents  paired  with  each  type  of  efferent. 
Ambiguity  of  trace  comparison  causes  increased  varlabl&ty  of  hand-eye  co¬ 
ordination. 

There  is  a  localisation  taslt  Inherent  In  the  testa  used  In  Held*s  re¬ 
arrangement  and  disarrangement  experiments.  Th»  agooentric  iooallEation 
teat  forces  the  subject  to  localize  target  in  his  visual  field  and  to  align 
his  body  with  it.  The  hand-eye  cooi*dInatlon  test  forces  him  to  localize 
a  target  in  his  visual  field  and  move  his  luuid  with  respect  to  It.  There¬ 
fore,  an  a\iditory  locaflzatlon  test  Is  appropriate  for  the  auditory  analogue 
of  Cohen  and  Held’s  variable  prism  expori-.''snt  (l).  In  the  present  experi¬ 
ment  the  localisation  task  Involved  the  subject’s  saying  "left",  "center" 
or  "right"  to  each  of  a  series  of  clicks.*  If  an  auditory  experiment 


*  The  signal,  which  the  subject  heard  as  a  click,  was  actually  a  train 
of  five  pairs  of  electrical  impuisea.  In  each  pair,  one  impulse  went  to  the 
left  ear  and  one  to  the  right.  The  different  trains  of  impiiisoa  varied  only 
in  the  interval  (isi  microseconds)  between  the  impulses  in  each  pair.  The 
clt  cks  heard  by  the  subject  could  be  localized  inside  hie  head  as  being  on  the 
left  or  right  of  the  median  plane. 
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ustag  thla  criteriou  task  ts  to  fit  into  He)d*s  aot  of  experiments  and  is 
to  have  relevance  to  his  theoretical  model,  then  two  propositions  must  bo 
aoceptoci.  The  first  is  that  sasdng  '’left”,  "center”,  or  "right”  in  a 
localization  task  is  the  equivalent  (for  the  purposes  of  the  feedback  loop 
model)  of  reaching  or  turning  left  or  right.  This  proposition  raises  the 
question  of  the  differences  betvjeen  perception  and  perceptual-motor  co¬ 
ordination,  a  question  whose  full  treatment  lies  outside  the  scope  of  this 
paper.  It  must  be  said,  however,  that  the  very  concept  of  feedback 
loops  in  sensory-motor  systems  Implies  that  sensory  events  and  motor 
events  are  not  always  discrete j  l.his  consideration,  In  turn,  implies  that 
the  perceptual  task  of  locating  a  sound  may  be  equivalent  to  the  perceptual- 
motor  task  of  moving  with  reference  to  the  sound. 

C.  THE  PSYCHOPHYSICS  OF  AUDITORY  LOCALISATION. 

The  second  assumption  Involved  In  applying  an  experiment  using  dlchotlc 
time  dlfferenco  discriminations  to  Held's  sat  of  experiment®  is  that  dlchotlc 
time  differences  are,  indeed,  an  important  cue  for  auditory  localization. 

Experimenters  ere  agreed  that  there  are  three  main  determinants  of 
auditory  localisation;  dlchotlc  differences  in  time,  intensity  and  phase  (18). 
Phase  cues,  hov/ever,  are  important  only  for  continuod  tones  (18).  The 
signals  locallzsci  in  the  present  experiment  were  cUcko  of  many  different 
frequencies,  and  each  of  the  impulses  composing  the  clicks  was  only  of  .01 
milheccond  duration.  This  consideration  -eaves  dlchotlc  intensity  and  cimo 
differences  as  possible  cues  for  Iccaiioation  In  this  experiment. 


Thtt  rasults  of  A.  W.  MUls  (14)  indicate  that  intensity  cues  are 
crudal  for  localization  when  the  signals  are  high  frequency  tones.  Part 
of  the  procedure  of  the  present  experiment,  though,  was  to  have  the  sub¬ 
ject  eqtiattze  apparent  intensities  of  the  clicks  at  the  two  ears.  The  sig¬ 
nals  In  the  subsequent  localization  tests  (pre-  and  post-exposure)  differed 
only  in  dichotic  time  differences,  not  in  diehotic  intensity  differences. 
Discriminations  on  the  taets,  therefore,  must  have  been  based  on  time 
cues  and  not  on  intensity  cues. 

Phystologloal  experiments  further  support  the  use  of  dichotic  time 
differences  for  an  auditory  localization  test  by  indicating  how  time  cues 
tnijdit  indicate  direction.  Recording  from  the  auditory  cortices  of  cats 
Rosanzweig  (15)  foxuid  that  if  signals  were  presented  separately  to  the 
two  ears,  the  cortical  response  of  the  signal  presented  later  in  time  could 
be  inhibited.  From  differences  of  0.2  to  9  or  10. 0  milHseconds  the  ampli¬ 
tude  of  the  response  to  the  later  signal  was  definitely  smaller.  For 
intervale  above  10  milliseconds  the  response  was  nearer  to  f\ill  amplitude. 
Rosenzweig  and  Sutton  (16)  found  a  similar  inhibition  of  the  later  signal 
at  the  level  of  the  lateral  lemniscas.  Working  on  guinea  pigs,  Deatherage 
and  Hirsh  (2)  demonstrated  that  the  nervous  system  may  compound  inten¬ 
sity  and  time  cues.  They  found  that  signals  of  gi^ater  intensity  have 
shorter  latency,  and  so  dichotic  tnteneSty  differences  may  be  represented 
as  dichotic  time  differences. 

The  argument  here  is  not  meant  to  summarize  the  research  on  auditox^y 
localization.  Rather,  it  is  meant  to  show  that  the  dlscrimlnatlona  in  the 
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cxitarion  t&sk  of  this  axpeHment  must  have  been  based  on  dichotio  time 
differences  and  that  dichotle  time  differences  have  a  role  in  auditory 
localization. 

D.  EENQORY  DEPRIVATION  EXPERIhSENTS 

Arguments  have  been  presented  to  show  how  an  auditory  ea:perimont 
using  tests  of  dichotle  time  difference  discrimination  would  fit  into  Keld's 
set  of  experiments.  The  rearrangement  or  disarrangement  introduced  in 
these  experiments  may  be  regarded  ns  soloctiv©  examples  of  the  general¬ 
ized  visual  disorientation  resulting  from  sensory  deprivation,  Hebb  and 
his  students  did  the  original  senaory  deprivation  experiments  and,  for 
Instance,  Doane  (3)  reported  that  after  three  to  six  days  of  isolation 
significant  changes  ware  found  on  tests  of  figural  after-effects,  size 
constancy,  auto-idnetic  affect,  color  adaptation  and  after-movement. 
Freedman  et  al_  (5)  reported  similar  perceptual  distortion  after  only  eight 
hours  of  Isolation.  The  present  experiment  ie  meant  to  attack  the  general 
problem  of  how  the  organism  orlonte  Itself  In  its  environment,  but,  in  the 
manner  of  the  rearrangement  and  disarrangement  sxperimentB-  attempts 
to  select  out  woll-dufinad  factors  which  may  be  crucial  foi’  orientation. 
When  tho  mechanloms  of  epociflc  orienting  functions  are  vmderstood,  more 
light  may  be  shed  on  tho  general  disorienting  effects  of  sensory  depriva¬ 
tion.  In  this  experiment  ti  e  specific  orienting  function  studied  is  auditory 


localization. 


E.  SUMMARY 


This  expartment  la  dasigned  to  teat  Held'a  raafference  theory,  a 
theory  which  may  describe  how  percaptuai-motor  coordination  is  developed 
and  maintained.  The  theory  hac  found  confirmation  in  the  results  of 
experiments  which  show  how  visual-  and  auditory-motor  coordination  may 
be  rearranged  or  disarranged.  The  criterion  task  In  this  experiment  is 
based  on  the  discrimination  of  dichotlc  time  differences,  cues  v/hich  have 
been  shown  to  be  Important  for  auditory  localization. 


CHAPTER  III 


The  Experiment 


A.  HYPOTHEEEe;. 

Movement  during  the  exposure  period  and  sensory  information  cbout 
the  resixlts  of  movement  are  necesaary  to  produce  directional  shifts  or 
increaeed  variability  in  rearrangement  and  disarrangement  experiments 
respectively  (1,  9.  iO,  11)  (see  page  6  ).  In  this  experiment  the  con¬ 
stantly  changioE  sensory  field  is  produced  ty  tv.»o  noise  generators,  each 
of  which  supplies  the  noise  for  one  ear.*  This  arrangement  causes  a  ran¬ 
dom  distribution  of  time  differences  between  the  two  ears. 

Following,  the  results  of  Cohen  and  Held  (1)  and  the  predictions  of 
Held  8  correlator-storage  model  (5)  one  would  expect  a  subject  who  had 
been  walking  around  listening  to  the  "white"  noise  to  manifest  increased 
vaiHablllty  on  the  post-exposure  test  of  dichotic  time  difference  discrim¬ 
ination.  If  the  subjects  rrovement  was  restricted,  hov;ever,  the  number 
of  efferent  signals  would  be  minimal  (that  is,  minimal  ambiguiity  from 
efferent-reaffereut  pairing  could  occur)  and  no  deterioration  in,  perform¬ 
ance  would  be  expected.  In  a  restricted  movement  condition,  then. 


!=  Each  system  generates  the  interna-  noise  of  a  transistor,  amplified 
by  a  circuit  designed  by  Mr.  Barnard  Tiirsky,  Massachusetts  Mental  Health 
Center . 


variability  of  dlsorlmtnatioaa  should  bs  about  tha  aama  for  pro-  and  post- 
sxposurs  teste. 

A  thlx^  condition  used  in  this  experiment  combined  elements  of  the 
first  two  conditions  (walking,  and  lying  down  with  restricted  movement 
during  expo8iu*e} :  The  subject  sat  in  a  wheelchair  so  that  his  tnwk  and 
legs  ware  not  moved.  He  was  instructed  to  rotate  his  head  frequently  in 
a  horlsontal  plane.  If  gross  body  movement,  ae  opposed  to  head  rotation, 
is  the  crucial  factor  in  the  maintainance  of  accurate  auditory  locaUzatton, 
then  one  would  expect  no  change  in  performance.  That  is,  since  the  body 
is  passive  in  the  wheelchair  ("passive  movement")  condition,  the  results 
should  be  the  same  as  in  the  lying-down  ("recumbent")  condition,  if  body 
movements  are  crucial.  If  head  rotations  are  crucial,  though,  one  wotdd 
expect  inc]?eased  variability  on  the  post-exposure  test. 

To  summarise,  with  any  exposvure  condition  in  which  the  subject  is  mov¬ 
ing  parts  of  hie  body  Important  in  soimd  localisation  while  also  listening 
to  the  "white"  noise,  increased  variability  of  performance  Is  expected  on 
the  post-exposure  auditory  localisation  test.  Both  the  critical  motion  and 
the  dichotic  "white"  noise  are  required  for  changes  to  occur. 

B,  PROCEDURE. 

1.  Testing  apparatus . 

A  train  of  five  pairs  of  electrical  impulses  was  generated  by  three 
Tekti^onlx  Inc.  Type  Waveform  Gienorators  and  two  Type  161  Wave¬ 
form  Generators.  (See  Fig.  1.)  The  train  v7as  40  mlUlseconds  in 
duration,  with  pairs  of  ,01  mUUsecond  square  waves  spaced  at  8  mi^U- 
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eaoond  intervals.  Of  each  pair  of  eqviare  waves,  one  pulse  went  to 
one  aide,  and  the  other  pulse  went  to  the  other  eide  of  the  system. 
The  tntex*val  between  the  pulses  in  each  pair  was  continuously  variable 
from  5  mlcrosoconda  to  more  than  1  millisecond*  A  crossover  switch 
permitted  the  signal  to  lead  on  either  side. 

The  stimulus  train  was  fed  Into  Borg  Type  205  potentiometers 
used  as  attenuators.  A  range  of  4  decibels  (100,000  ohms)  was  used. 
One  attenuator  modified  the  signal  for  each  side,  and  the  signal  was 
then  fed  into  Permoflux  PDR8  stereophonic  earphones,  producing  shax*p 
cUoks.  The  subject  coutd  equalize  apparent  intensity  by  manipulating  the 
two  potentiometer  dials. 

2.  Exposure  apparatnxs . 

The  noise  generator  for  each  ear  fed  the  eoiind  Into  a  Realistic 
8» transistor  portsble  radio  for  amplification.  The  earphones  used  were 
a  second  sot  of  Permoflux  PDRS’s.  (See  Fig.  2.)  The  energy 
spectrum  of  the  noise  from  200  to  3C-00  cps  la  shown  In  Fig.  3.  The 
subject  adjusted  the  Intensity  of  the  noise  at  the  beginning  of  the 
expos'ore  period  to  mask  background  noise. 

3«  Sample  and  pre-testing. 

The  experimental  oample  was  composed  of  16  naive  Harvard  under¬ 
graduates.  None  of  the  subjects  were  previously  known  to  the  experi¬ 
menter,  and  those  applicants  who  had  extensive  experience  as  subjects 
In  other  psychological  experiments  were  not  accepted.  Psychology  and 


Social  Relations  concentrators  were  also  refused. 


Two  aubjects  bagan  the  expeiin-iontt  but  dropped  out  because 
the  "white"  noiae  caused  ringing  In  their  ears  for  tv;^  cr  three  days. 

A  third  dropped  out  because  of  slclmess,  and  a  four^'a  because  he  was 
unavailable  for  1  1/2  months  after  his  first  experlmeAta!  session.  Two 
other  subjects  completed  the  experiment,  but  their  data  could  not  bo 
Included  in  the  results  because  on  some  of  the  poc  t-expoevire  tests 
their  subjective  mldpolnte  (in  terms  of  dlchotic  time  differences)  had 
shifted  far  to  one  side  and  no  numerical  threshcJis  for  discrimination 
were  calculable.  This  problem  Is  further  expla{:i3d  in  Chapter  XV, 

All  of  the  12  subjects  remaining  in  the  scripla  were  trained  in 
the  dlchotic  time  difference  discrimination  tas'c  on  a  separate  day  before 
the  experiment  began.  The  12  were  roughly  fquivatent  In  their  skill 
at  the  task  at  the  beginning  of  the  experiment.  Nine  other  applicants 
were  rejected  because  they  did  not  Improve  during  the  training  porlod 
to  the  required  level  of  skill. 

In  worldng  out  the  testing  and  expoeure  procedures,  5  subjects 
were  used  for  pilot  study.  None  of  ther)  are  included  in  the  experi¬ 
mental  sample.  From  this  group  the  approximate  level  of  discrimina¬ 
tion  required  for  the  experiment  was  dotermlnod.  V7hen  subjects  re¬ 
quired  an  average  of  tr.oi’e  than  100  mltroaeconds  shift  in  dlchotic  time 
difference  to  perceive  a  change  in  the  apparent  localization  of  the  fused 
clicks,  the  expected  effect  of  increased  variability  of  discriminations 
after  exposure  in  the  Ambulatory  condition  never  appeared.  With  dis¬ 
criminations  of  the  order  of  30  microseconds,  hovyever,  increases  in 
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variability  (that  iS)  datarioration  to  lavola  of  dlacrimliiation  worao 
than  30  microaeoonds)  reaiUted  In  the  Ambulatory  condition.  In  order 
to  be  accepted  for  the  experiment,  therefore,  subjects  had  to  make 
discriminations  of  the  order  of  30  microseconds  dwing  the  training 
peidod. 

if.  Prooedtire . 

On  each  experimental  day  the  subject  began  and  finished  by  equal¬ 
ising  the  apparent  intensitiee  for  the  two  ears.  (See  Fig.  4  for  a 
sample  data  sheet.)  The  numbers  of  the  data  sheet  refer  to  the 
units  on  the  potentiometer  dials,  each  unit  reprssenting  100  ohms  of 
itnpedence.  The  order  of  the  numbers  Is  reversed}  "000 •'  on  the  dials 
indicates  maximum  attenuation.  The  dials  were  set  alternately  at 
Left  *  550  and  Kight  «=  550,  with  the  other  dial  set  at  450  in  each 
case.  The  subject  localised  the  sound  for  each  pair  of  settings  and 
ttxrned  up  the  Intensity  on  the  v/eaker  side  (the  side  opposite  that 
where  the  sound  was  localised.)  An  average  (Left  minus  Right)  read¬ 
ing  was  obtat.ed  for  the  set  of  six  trials,  and  was  used  for  the  experi¬ 
mental  setting  with  the  total  (Left  plus  EJght)  always  equal  to  1000. 

Then  the  pre-oxpoeuro  test  of  dichotic  time  difference  discrimina¬ 
tion  was  performed.  (Seo  Fig,  5  for  a  sample  data  sheet.)  Starting 
V7lth  the  click  loading  in  the  left  ear  by  90  microseconds,  the  signal  was 
advanced  towards  right-lead  in  5  microsecond  stops  until  four  auccess.- 
Ive  "rights"  were  reported.  The  same  procedure  was  then  followed  in 


>i*Tb.e  Instructions  for  c.il  teats  and  exposure  periods  arc  includad 
In  Appendix  A. 


th9  opposite  direction.  Five  such  pairs  of  increasine  and  decreasing  series 
were  used  for  each  test  sitting.  The  set  of  thresholds  of  discrimination 
of  change  In  the  apparent  location  of  the  fused  clicks  (indicated  by  triangular 
markers  in  Fig.  5)  provided  a  measure  of  variability. 

n 

On  each  experimental  day,  the  subject  was  tested  for  dichotlc  time 
difference  discrimination  before  exposure  and  at  the  end  of  each  hoiur.  On 
the  average,  a  test  took  four  minutes  to  complete. 

Three  two^hour  exposure  conditions  were  usedt 

1.  Ambulatory  •>  The  subject  was  required  to  walk  up  and  down  a  busy 
corridor  for  alternate  five  minute  periods,  Insuring  considerable  head  and 
body  movement,  both  translation  and  rotation.  (Fig.  6.)  Continuous 
"white"  noise  was  supplied  by  the  two  noise  generators.  At  the  beginning 
of  exposure  the  subject  adjusted  the  intensity  of  the  noise  Just  to  the 
point  where  backgx^und  nolee  was  masked^  and  balanced  the  apparent  Intensity 
of  the  noise  at  the  two  ears.  Dxxrlng  the  "resting"  five  minute  Intervade^ 
the  subject  sat  and  read. 

2.  Recumbent  •  The  subject  lay  on  a  bed  with  ne  head  rotation  and 
very  little  gross  body  movoment.  "White"  noise  was  the  same.  The  sub¬ 
ject  usually  read  throughout  the  exposure  period,  and  was  not  allowed  to 
sleep.  (Fig.  7.) 

3.  Passive  movement  -  The  subject  was  wheeled  in  a  wheelchair  for 
alternate  five  minute  periods  over  the  same  route  as  in  the  Ambiilatory 
condition,  and  set  still  (reading)  In  the  Intervals.  (Fig.  8.)  "V/hltd*  noise 
was  the  same*  Head  rotations  wore  frequent,  while  gross  body  movements 
were  restricted. 
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Bach  sut^ect  was  run  In  each  experimantal  condition,  x'^th  sessions 
spaced  about  one  week  apart.  The  sequence  of  conditions  was  permuted 
to  control  for  order  effects. 

5.  Criticisms  and  controls . 

(a)  Control  of  the  effect  of  auggeatlon ;  In  a  percepttral  task  as 
difficult  as  the  discrimination  test  used  in  this  experiment  precautions 
against  suggestion  must  be  specified,  especially  since  the  expert  mentor  knew 
what  results  the  hypotheses  predicted.  One  cue  to  the  subject  in  this 
experiment  might  have  been  the  rhythm  with  which  the  stimuli  were  presented: 
to  the  subject  I  for  Instance,  a  decrease  in  the  frequency  of  presentation 
might  Indioate  to  the  subject  that  he  had  reached  the  point  where  a  change 
from  •'left”  to  "right”  (or  "right”  to  "left”)  was  expected.  Throughout 

the  experiment,  however,  the  rhythm  wan  held  constant  at  about  1  stimulus 
every  3  seconds.  In  addition,  ail  data  sheets  and  relevant  dials  were  covered 
so  that  the  subject  couldn't  soo  them,  and  no  spoken  communication  (except 
for  instructions,  printed  In  Appendix  A)  occurred  between  the  experimenter 
and  subject  after  the  beghming  of  each  axporlmental  session.  As  was  evi¬ 
dent  from  their  commenta  at  the  end  of  their  participation  none  of  the  sub¬ 
jects  had  any  idea  about  the  purpose  of  the  experiment.  According  to 
their  repox’ts,  none  of  thoneven  ’’©aliBed  that  the  covuid  in  tho  dichotic  time 
difference  discrimination  tests  moved  systematically  from  right  to  left  and 
vice  versa. 

(b)  Fatigue,  borodotn  end  distraction. 

The  oxperlmenta!  hypcthesio  predicts  that  exposure  i:i  the  Ambulatory 
condition  shall  cause  increased  variablUcy  on  the  dichotic  time  difference 
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dlaortmination  test  and  that  expoBure  In  the  Recumbent  condition  shall  not 
cauee  any  change.  If  fatigue,  boredom  or  distraction  from  the  <’white<' 
noise  itself  affects  performance  it  would  affect  results  in  the  Recumbent 
as  well  as  in  the  Ambulatory  post>exposure  tests.  The  hypothesis  le  that 
“white”  noise  will  affect  performance,  therefore,  but  independently  of 
those  three  factors. 

Bince  Increased  variability  was  expected  In  the  Ambulatory  post-exposure 
testing,  control  conditions  were  used  to  determine  the  effects  of  fatigue, 
boredom  and  distraction  from  v/alklng  up  and  down  the  corridor  t 

1.  Four  subjects  were  run  In  a  condition  identical  to  the 
Ajnbulatcry  condition  except  that  their  hearing  was  unimpeded  t 
they  did  not  listen  to  "white”  noise. 

2.  Three  subjects  vaere  run  for  an  extra  1/2  hour  on 
their  Ambulatoz*y  days.  Following  their  post-exposure  tests, 
they  walked  up  and  down  the  corridor  continuously  for  the  1/2 
hour  and  were  then  re-tested. 

3.  To  determine  the  duration  of  the  expoHmental  effect 
In  the  Ambulatory  condition,  four  eubjoctg  rested  for  an  extra 
1/2  hour  on  their  Ambulatory  days,  and  xvore  then  re-tested. 

During  the  1/2  hoiir  period  they  walked  oecasloneJiy,  but  sat 
reading  most  of  the  tin:®. 

Two  subjects  were  run  In  additional  1/2  hour  control  conditions  follow¬ 
ing  the  passive  movement  condition.  Cae  subject  sat  ejid  read  for  the  1/2 
hour,  and  the  other  was  continued  in  the  Pasei/o  movement  condition,  ex¬ 
cept  that  ho  was  not  iistcr-mti  to  tho 


•‘white*’  noise. 


Five  eufajeots  returned  after  they  had  flnlahed  the  experiment  per  ae 
to  repeat  eome  of  the  experlmimtal  aeeatone.  They  were  aubjeeta  whose 
results  had  deviated  considerably  from  the  sample  mean,  and  It  was  hoped 
that  extra  Information  ml^t  be  obtained  by  running  them  In  extra  eondl» 
tions  and  oontrals4  The  data  from  such  extra  sessions  Is  stated  aa  such 

I 

and  Is  not  Included  In  the  table  of  experimental  results* 

C.  RESULTS  AND  DISCUSSION. 

1*  Statlstloe* 

The  hypotheses  in  this  experiment  are  concerned  with  change  In 
variability  of  performanoe*  The  set  of  ten  thresholds,  obtained  by  the 
procedure  described  above,  provide  a  maastire  of  variability.  For  a  given 
experimental  session,  the%  comparison  of  the  standard  deviations  of  the 
set  of  thresholds  from  the  pre-  and  post^exposure  tests  was  the  measure 
of  Increased  variability.  The  standard  parametric  test  for  the  significance 
of  the  difference  between  two  variances  Is  the  F«-test,  which  assumes  an 
approximately  normal  distribution  of  the  populatton  of  differences  (SD)^ 
minus  SDg  )  and  a  random  selection  from  that  population.  The  other 
applicable  parametric  test,  the  totest,  also  requires  normadity  of  the 
population  of  differences  of  variances. 

We  have  no  knowledge  about  the  population  of  differences  of  variances 
under  these  conditions,  and  therefoz^  have  no  basis  for  an  assumption  of 
normality.  It  seemed  wise,  then,  to  forego  the  advantages  of  a  stronger 
rejecting  statement  In  order  to  avoid  assumptlone  of  normality* 
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For  thUi  r«aMn»  ao(»->i>aram«trlo  tasta  vrara  iiaad.  Slnoa  raaulta 
for  tha  aama  aubjaot  la  diffaraat  oondlctona  oona‘i:ltutad  matohad  paira 
of  aoox>a8»  tha  WUooxon  Matohad-Palra  Slgaad«>P(jaka  Taat  waa  uaad* 

Ona  advantaga  of  thta  taat  la  that  it  takaa  Into  aooount  tha  magnttuda 
of  tha  dtffaranoa  batwaan  acoraa  as  wall  aa  tho  dlraotlon  of  the  change* 
Tha  Intarval  aoala  propertlaa  of  tha  data  la  tiui  experiment  are  thua 
amplojrad.  Tha  taat  la  ommidarad  an  axeallant  non->paramatrlo  aiialogua 
to  tha  t  «taat  and  haia  comparable  atrangth  (I'O* 

Tha  Friedman  Two-way  Analyala  of  Vazdenoa  waa  uaad  to  datarmlne 
how  much  of  tha  varlanoa  among  tha  raaulta  waa  aooountad  for  by  aaoh 
of  three  varlablaat  Subject »  Sxparlmantal  condition  and  Order  of  Condi- 
ttona*  By  oomparing  tha  r^tlva  amounts  cf  variance  due  to  each  of  a 
pair  of  varlablaa  this  taat  maaauraa  tha  stcnlfloanea  of  tha  hypothaata 
that  ana  of  tha  pair  aceounta  for  all  of  tl*a  varlanoa* 

2*  Raaulta. 

(£)  Main  axparlmantal  raaulta.  %'’ha  raaulta  of  atatiatloal  taata 
for  Inoraaaaa  to  variability  under  the  threo  ai^arlmantal  condltlona  are 
aummarlaad  In  Tablaa  X  and  XZ.  A  graph  of  thaae  raaulta  la  shown  In 
Fig.  9*  Ambulatory  subjaota  showed  algnlftoantly  tnoraaaad  variability 
of  dlaortmlnatlcn  both  after  ona  and  two  hours  of  axpoeura.  Tha 
Inereaaaa  after  one  and  two  hoiura  wara  also  significant  In  tha  passive 
movement  condltlona  but  wore  not  aa  large.  A  ali^t,  statistically 
inalgnlfloant  tmprovamant  of  performance  oocured  In  the  Recumbent 
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eoadltl«i{  that  Is^  th«r«  was  a  aUght  daoraaaa  in  the  standard  deviations 
of  the  sets  of  thresholds. 

One  possible  Interpretation  of  these  results  is  that  proprioception 
from  body  and  head  movement^  rather  than  efferenoe,  forms  pert  of 
the  feedbaok>loop  deseribed  by  H^'s  model.  Held*s  passive  movement 
conditions  in  the  Held  and  Bossom,  the  Held  and  Hein,  and  the  Cohen 
and  Held  experiments  (See  page  6  )  were  meant  to  show 

that  proprioception  from  a  passively  moved  muscle  was  not  suf^nelent  to 
cause  the  compensation  or  disorientation  predicted  by  the  feedbaek»loop 
mod^f  which  is  an  efferenoe-reafferenos  model.  Complete  confirmation 
of  Held's  inference  that  efferenee  rather  than  proprioception  is  a 
necessary  part  of  the  loop  vrould  come  from  ancsthstissd  limb  or  from 
lesion  experiments*  Such  experiments  would  eomplstsly  cut  off  proprio.. 
osptivs  stimulation  and  would  have  to  be  done  on  animals. 

Another  Interpretation  of  the  increased  variability  in  the  Ambulatory 
and  Passive  movement  post<>expoeure  results  suggests  that  tntersensory 
effsots  Initiated  by  the  extra  load  on  the  visual  system  during  these 
conditions  causae  dsterloration  of  dlchotio  time  difference  discrimination.*^ 
Such  a  proposal  can  not  be  examined  directly  from  the  results  of  this 
experiment  without  fizrther  experimentation  to  test  it*  but  it  seems  of 
less  Importance  at  the  present  time  for  two  reasons*  Primarily , 


*  Suggested  by  Dr.  Drtc  Kandel  of  the  Massachusetts  MenteU  Health 
Center, 

**  Mentioned  by  Dr.  Elliott  lachler  of  the  Maasachusette  Mental  Health 
Center. 
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te  difflouit  to  quantify,  and  thamforo  la  ciiffloult  to  dafina 

oparatlonally  in  an  axparlmantal  situation.  Seoondljt  bafora  the  strass 

tii&y  be 

supposedly  caused  by  certain  conditions^  studied  convanlantlyy  it  is 
naeasaary  to  datertnina  which  spaotAo  oomponan.ts  of  the  dlsarrangetnant 
oondltlmui  load  to  Increased  variability.  After  this  has  been  acoonipUahed« 
the  Intaraaoaory  avfmte  Inherent  to  the  conditions  may  be  studied. 

The  Passive  movement  condition  was  essentially  an  exploratory  con¬ 
dition  which  does  not  thoroughly  sejTarate  facts  of  head  movements 
from  body  movements.  For  one  things  the  frequency  of  head  movements 
Is  not  wen  specified  In  the  instructions  (See  Appendix  A).  More  import¬ 
ant,  the  condition  failed  to  distinguish  between  rotatory  and  translatory 
motion.  Another  experiment,  therefore,  must  be  designed  to  study  the 
effects  of  four  types  of  movements i  head  rotation,  head  translation, 
total  body  rotation  and  total  body  translation*  Also,  when  the  movements 
have  been  specified  In  thte  manner,  it  may  be  easier  to  determine  frequency 
and  amplitude  of  movements. 

(b)  The  curve  in  Fig.  9  repreeemting  Ambulatory  results  sbowa 
a  deorease  In  varlabUity  from  the  post  1  hour  to  the  post  2  hour  test. 
Although  l^hls  difference  is  not  statistically  slgni^eant  (See  Table  1}  It 
was  consistent  for  the  sample  of  12  subjects*  One  might,  Instead, 
expect  an  eisymptotlc  curve,  especially  since  the  variability  scores  in  the 
Cohen  and  Held  disarrangement  experiment  (1)  never  showed  a  decr>ease 
with  prolonged  exposure.  Furthermore,  prolonged  exposixre  in  Held  and 
Hein*e  rearrangement  experiment  produced  an  asymptotic  curve.  (U) 
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On*  of  our  8ul^)*ote  whos*  rosult*  in  th*  AinbiuIat;ory  condition  approxt- 
matad  th*  av*r*s*  rasults  for  the  whole  eainjde  was  re<-run  In  the 
Ambulatory  condition  after  the  experiment  per  se  was  completed*  Expo** 
sure  was  proionged  to  three  hours.  The  results  are  graphed  in  Fig*  10, 
The  curve  levels  out  after  a  large  increase  of  variability  during  the 
first  hour  aiid  a  smaller  decrease  during  the  second  hour.  If  head  move** 
ments  are*  indeed^  ox*uolal  for  malntalnance  of  localisation  and  if*  through 
fatlgu'^t  they  decreased  in  frequency  during  the  second  hour  of  exposure, 
then  cnm  mlidit  expect  a  decrease  in  deterioration  (varlabOtty)  of  dlchotic 
time  differenoe  discrimination  during  the  second  hour**  Of  course, 
comment  on  the  s*ea0ons  for  this  secondwhour  effect  is  speculation,  but 
this  partlcvtor  explanation  is  supported  by  the  Passive  movement  oondltlcn 
results,  where  significantly  Inoreaaed  variablUty  reatalted  from  self* 
produced  head  movement  during  exposure* 

(jg)  The  order  effect*  The  significance  of  increases  In  variability 
on  Days  X,  12  and  2X1,  regardlssa  of  condition  (Experimental  conditions 
were  permuted  to  control  for  order  effects.)  Is  shown  In  Table  III* 

A  graph  of  the  results,  when  analysed  by  Order  Instead  cf  by  Condition, 
is  shovm  In  Fig*  11*  Prom  Day  I  to  Day  221  there  Is  a  progrsaeively 
decreasing  deterioration  after  exposure.  This  Is  partly  due  to  an  Increase 
In  the  baseline  (pre*>expoaure)  level  of  variability,  which  would  make  pe]>> 
oentages  of  Increaaa  smaller,  and  partly  to  an  actually  smaller  absolute 


♦  Suggested  by  Dr,  Richard  Hold  of  Brandeis  University. 
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lner«aaa  of  varlabtUt/.  This  off  sot  wa.8  also  noted  for  an  experiment 
on  speed  perception  by  Freedman  and  Held  (6).  Two  kinds  of  mechanisms 
may  be  working  herei  (a)  Generally  disturbing  aspects  of  the  exposure 
conditions  which  bother  the  subject  on  the  first  day  but  which  he  gets 
used  to  (benoe«  the  smaller  increase  on  Day  II  and  Day  III)}  and  (b) 

A  *aet'  for  the  experimental  situation  which  the  subject  laams  on  the 
first  day  ai:id  which  re«^ntry  to  tl\e  laboratory  triggers  on  Day  II  and 
Day  III  (hence f  the  hl^er  baseline  on  those  days.)  Since  the  subjects 
presumably  function  normally  outside  the  lab  bstween  sessions ,  the  latter 
mechanism  would  have  a  steep  gradient  of  generaUsatton* 

(d)  Results  of  control  conditions. 

1«  Subjects  run  in  a  condition  Ideutloal  to  Ambidatory,  but 
without  listening  to  the  **whlte'*  noise »  did  not  show  increased  variability 
at  the  end  of  two  hours  of  exposure.  (See  Fig.  12) 

2.  When  Ambulatory  subjects  were  kept  for  an  additional  1/2 
hour  to  rest,  they  retiimed  to  the  baseline  level  of  variability.  This 
indicates  that  the  duration  of  the  effect  in  the  Ambulatory  condition 
la  leas  than  30  minutes.  If  Ambulatory  subjects  walked  continuously 
diiring  the  extra  1/2  hour,  their  discriminations  at  the  end  of  the  30 
minute  period  clso  wero  less  variable  than  their  pre-exposure  test. 

(Seo  Elg.  13) 

3.  Paaaive  movement  subjects  in  the  same  extra  1/2  hour 
conditions  also  returned  to  pre-9xporv.re  leveln  of  discrimination.  (See 
Fig.  14.) 
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4«  That  dlff«r«nt;  subiJ^ttts  oould  gjtrm  v^ry  dlsatmilar  In  th« 

Mm«  eoodlttott  la  Indloatad  by  tha  dlff aranoa  batwaan  tba  t«fo  enrraa  In 
Fl(.  13*  Dlffaranoaa  In  tha  raaulta  for  tha  aama  anblnot  In  tha  aama 
eoodlttan  an  dlffarant  days  also  ocoarrad*  Oaa  auhlnat  who  had  ^M>wa 
a  small  laersasa  In  variability  In  tha  Ambulatory  oonditlon  showad  an  avaa 
smallar  Ineraass  whan  ha  was  ra-run  aftar  tha  aspartmant  par  sf«  Tyfo 
othar  sttl^aets  with  vary  small  ohangas  In  tha  Ambulatory  oonditlon  damom- 
atratad  vary  larga  ehangas  In  thalr  ra-run  of  that  condition,  and  ratumad 
to  tha  basaltaa  lav^  of  dlsorlmlnation  with  an  axtra  1/2  hour  walldnf  with* 
out  nolsa^ 

Another  subjsot  who  had  shown  soma  Ineraass  In  variability  In  tha 
Raoumbant  condition  was  ra*run  In  a  control  condition  In  which  ha  lay  on 
a  bad  with  no  "whlta”  nolsa.  Ha  was  allowad  to  road*  At  tha  and  of 
one  hour,  ha  showad  a  200$  Inoraasa  In  tha  variability  of  his  disorlrotna* 
ttons*  During  tha  sacond  hoiir  ha  walkad  up  and  down  tha  corridor  for 
altamata  flva*mlnuta  parlods,  also  wlt^^olsa.  At  tha  and  of  this  hour, 
his  discriminations  wars  at  tha  baaalina  laval  of  variability.  This  subjaot 
apparently  had  to  have  strong  contact  with  a  normal  environment  In  order 
to  maintain  accurate  auditory  localisation. 
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CHAPTER  IV 


Aopar^t  Infnaity  BaUneina 

A«  maatipnadi  In  Chaptar  XX2«  tha  raatilta  of  two  aubjaota  who 
oomplatad  tha  aaparlmant  eould  not  ba  inoludad  la  tha  oaloulattena  of 
aiQMriinantal  raoulta  bacauaa  on  aoma  of  tha  poat-axpoaura  dtohotte 
ttma  diffaranoa  dlaorlminatlon  taata  thay  eoathiuad  to  aay  "laft"  whaa 
tha  right  algnal  waa  loading  by  100  mloroaaeonda  (&aa  Fig*  5)  or  "right" 
whan  tha  laft  algnal  waa  laadlua  W  maximiuD  amounc.a  no  numarioai 
thraaholda  wara  ealeulabla  for  thaaa  taata »  ao  tha  data  had  to  ba  dia* 
oardad*  To  datarinlna  tha  affaot  of  ohangaa  of  Intaaalty  balaaelag  on 
tha  maan  of  tha  thraaholda  of  dlohotlo  tima  diffaranoa  dlaorltnlaatlon. 
a  procadora  aapcunata  from  tha  axparimantal  work  waa  oarriad  out* 

FIratf  tha  ohangaa  la  apparaat  intonalty  balanoing  oaaaad  by  ohangaa  in 
dlohotlo  tima  diffaranoa  wara  atudiad.  (6aa  Fig.  15.)  Than  tha  pro* 
oadura  waa  rararaad,  atudying  tha  ahlfta  of  tha  aubjaotlTa  midpoint  In 
mioroaaoonda  aa  a  function  of  ohangaa  In  dlohotlo  Intanalty  diffarwea. 


*  Thia  dlractlonal  ahift  la  probably  duo  to  dlffarantlal  adaptation  to 
the  loud  "whlta"  nolaa,  bacauaa  of  (a)  the  crude  machanlams  for  adlust* 
ing  "white"  nolae  intanaltlea,  and/or  (b)  a  diffaranoa  In  dlohotlo  Intanalty 
balancing  batwaan  tha  absolute  Intensity  level  of  the  "white"  ndsa  and  tha 
leval  of  the  teat  signal. 
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(S—  Ftg*  16.)  Zn  Moh  om*  th«  r*aalta  approxlmat«d  a  atrali^t  Una, 
taut  an  axparimant  oovarinc  a  i«ldar  ransa  of  dlotaotlo  intanalty  and  tima 
diffaraneaa  naada  to  ba  oomplatad  baf ora  Inf aranoaa  can  ba  mada  about 
tha  ahapa  of  tha  ourva. 
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CHAPTER  V 


FoUowliig  th«  •jq»«rlai«at«  of  Mold  and  Bossom  (9)»  Hdid  and 
H«ln  (lOt  II)  and  CohM  and  Hald  (1),  thta  aiq>arlmaat  indleatoa  that 
a^f^pi'odaead  motion  during  tha  axpoaura  ported  aa  wall  aa  aanaorf 
Informatton  about  tha  raaulta  of  thla  motion  Is  naoaasary  to  produea 
ineraaaaa  la  vartabllltjr  of  dlohotlo  tima  dlffaranea  diaertmiaatlon. 
FatlguOf  dlstraetttti  and  boradom  do  not  hava  significant  of  foots. 
Tha  study  of  intarsansory  off  acts  and  of  tha  rola  of  proprloosptlva 
attmull  and  an  adaquata  braakdovm  of  tha  eomponants  of  haad  and 
total  body  movamant  all  raquSra  further  axparlmantatlon. 
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TABLE  1»  Sigolileaaet  •£  difftrtMci  la  rarialtility  trm  pr»> 

axi>oa«r«  to  p«st»«ap*»ar«  itaia  af  diatiatia  tiea  dlffaraaea 
diaariadoatlM,  sadar  Taryintf  eondltiona  of 


SIONIPlC.JiCi-  OF  INCBLVLa)  VAilUJILlTY 


Fraa 

Fra*  ta 

Faat  1  kr. 

Fraa 
l*ra*  ta 

Past  2  hr. 

Praai 

Faat  1  ta 
Foat  2  hr 

A^alatary 

p  <.001 

.005 

N.S. 

Baamabat 

N.S. 

N.S. 

N.S. 

Paaalra 

.01 

.085 

N.S. 

*  Uilaasae  Uai«had»l'alrt  Sis&ad«ruaka  Taat,  aaa-tuilad* 


T.\BLis  lit  Sigaifiaajaaa  af  tba  aaamat  af  rariaaaa  la  tba  axparijaaaial 
raaalia  aaaauitad  far  by  aat  af  tba  rariablaa  ,  «baa  tba7 
(CaaditiaBf  Sabjaatf  aad  Ordar)  ara  t>«fra4  ajjaftaat  aaa  aaatbar*  ** 


Xl«  SabJaat  Tariaaaa]  Aa  Ezpariaaatal  Caadltiaa 
^rariabla  aaoaaait  far  rariaaaa  la  tba  raaaltay 
aicalfieaai  «t  tba 


Abba:  zt* 


Tarlaaaat  Aa  Ordar  rariablt  aaeonata 
fartaa  rmrioaea  ia  tba  raaalitt  alj^iflaamt 
at  tba 


Ta.  Ordar  rariaaaa:  Aa  Cxpariaantal  Caoditioa 
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APPENDIX  A 


INSTRUCTIONS  TO  SUBJECTS 


App*r»nt  Intensity  Balaneintt  i  "This  is  a  task  in  which  you’re  to  report 
whether  a  sound  la  le^t*  or  center.  I  wUl  repeat  the  sound  until 

you're  ready  to  report;  that  la,  when  you  think  you've  located  it,  give 
the  rep0T*t«  When  you  report  a  sound  as  center,  it  should  be  a  point 
exactly  in  the  center  of  your  head;  center  is  consldei^d  as  a  point,  not 
a  general  area.  It  will  help  to  concentrate  if  you  keev^  your  head  ettll 
and  your  eyes  rslosed.  Are  you  ready?” 

After  the  subject  has  reported:  "Turn  this  dial  (Indicating)  wtil 
the  sound  is  exactly  in  the  center  of  your  head.  Turning  the  dial  this 
direction  will  make  the  sound  move  .  Don't  worry  about  over¬ 

shooting  the  center  mark;  if  you  do,  you  can  turn  it  back  to  center  by 
turning  the  dial  in  the  opposite  direction.” 


richotto  Time  DIscrinainacione  t  "This,  again,  la  a  task  in  which  you're 
to  report  whether  a  sound  is  in  the  left,  right  or  center  of  your  head. 
Again,  center  is  considered  to  be  a  point  and  not  a  general  area  in  the 
center  of  your  head.  Report  center  only  if  Che  sound  is  exactly  at  a 
point  in  the  middle  of  your  head.  If  it  is  even  'leanhig'  to  one  side,  then 
report  that  side.  I  will  give  the  sound  once,  and  you  should  report  unless 
you're  not  sure.  If  so,  ask  me  to  repeat  the  sound,  and  I  will.  Keep 
your  head  steady  and  your  eyes  closed  throughout  the  test.  Are  you 
ready?" 


Exposure ;  "Turn  the  red  dials  on  the  radios  until  the  sound  is  Just  loud 
enough  sc  that  you  can't  hear  me  talking.  Each  dial  controls  the  loudness 
for  one  ear.  when  you’ve  adjusted  the  loudness  ao  that  you  can  hear 
nothing  but  the  noise,  make  sure  that  the  noise  In  the  two  ears  sounds 
equally  loud.  After  that,  the  dials  will  be  left  alone.  During  the  next 
hour ,  you're . 

Recumbent  "....to  He  quietly  on  the  bed.  Keep  your  body  as  etill 
as  possible,  and  It’s  essential  that  you  keep  your  head  absolutely  still. 

You  may  move  your  hands  and  your  eyeballs  while  reading,  but  Vesp  your 
head  still.  Do  you  understand?*’** 


**  After  the  Post  1  hour  test,  I  showed  chein  a  card  on  which  was 
printed,  ’Same  instructions  for  one  uore  hour." 


to  walk  up  aad  down  th«  laU  la  altoroat*  fhr»* 
mlmstoTa^rytiLi .  Duriaf  tha  flva»minuta  r««t«  jrou  may  dt  and  raad. 
Yovt,  ahowM  ttma  youraalf  by  tha  hall  olock  aad  kaap  aa  oloaa  to  tha 
fWa-mtouta  iatarrala  aa  poaalbla.  Do  you  vndaratand?** 

Pa^Ta  moYammrt  "....to  ait  in  tha  whaalehair.  kaanlna  yoar  body 
ymi  up  azd  down  tha  ball  in  altarxiata  ^Ta-niinuta 
Intarrala,  aad  during  thaaa  tlmaa  you  ahould  rotata  your  hand  back  and 
forth  (damonatratSag)  aa  thou^  you  wantad  to  look  in  aU  tha  offloaa. 
Durbic  tha  raatta^  parloda  you  may  raad.  Do  you  uadaratand?" 


AjglMjatou  Control  t  "During  tha  naxt  hour  you'ra  to  walk  aad  down 
taahaD*u  altamata  fWa-intnuta  tatazTala.  You  may  raad  mly  during  tha 
fhraominuta  raata.  Do  you  undarataadT" 


